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ZOTTO Tall Tower observations

Motivation

«  Anthropogenic and natural (wildfires) emissions in North Eurasia
are climatologically important sources of many pollutants
affecting air composition at both regional and continental scale.

« The wildfire associated emissions provide up to 20% of global fire
emissions of inorganic carbon (CO+CO2) and up to 9 % of soot
and 20% of organic aerosols.

- High atmospheric residence times of many compounds lead to
complex interplay with emissions from other anthropogenic and
natural sources.

« Hence, correct assessment of wildfire and anthropogenic emissions
IS needed for better understanding of key factors affecting
atmospheric composition, radiative properties, and air quality.

The lack of systematic data on the near-surface air composition and
emissions for Russian territory complicates studies for air quality,
estimates of environmental burden and long-term trends in atmospheric
composition on the whole Northern Eurasia.




ZOTTO Tall Tower observations

The objective of this study is to partly fill this gap by
conducting continuous observations of near-surface air
composition at Zotino Tall Tower observatory
(ZOTTO) for background atmospheric monitoring in
Central Siberia launched in 2007.

Background character of the station provide an
excellent opportunity to study regional as well as long-
range impact of various climatically important sources
of pollutants including regional industry and wildfires.
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ZOTTO Tall Tower observations

ZOTTO Tall Tower monitoring station (60°26’N, 89°24'E):

Studies of regional and trans-boundary effects of atmospheric transport
and associated phenomena

« Contiuous CO2 and CH4 Gas Measurements at 301, 227, 158,92, 52, and
4 m height with Cavity Ring Down Spectroscopy (CRDS) by Picarro, Inc.

« Contiuous Aerosol Measurements at 301, and 52 m height with self made
instrument

« Contiuous CO Measurements at 301, and 52 m height with Aero-Laser

« Contiuous Ozone, and NOx Measurements at 30 m height

« Contiuous Meteorology Measurements at 301,227, 158, 92,52,and 4 m
height, and on the ground (Temperature, Wind, Humidity)

» Biweekly Flask Sampling at 301 m height

e \arious irregular ecosystem measurements
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1) Is ZOTTO station representative at regional scale?
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ZOTTO Tall Tower observations

Averaged over the continent background ozone concentrations (TROICA
expeditions) versus stationary observations on Hohenpeissenberg (HP
Mace Head (MH) and ZOTTO.
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« Atmospheric photochemical system is rather uniform over continental
areas of North Eurasia.

« The ZOTTO measurement data are representative at regional scale if
considered at seasonal scale (>» synoptic times).




ZOTTO Tall Tower observations

2) To what extent the Tall Tower Is subjected to
regional anthropogenic emissions?

Use NO+NO2 as indicator of industrial emission-
contaminated air.



ZOTTO Tall Tower observations

Nitrogen oxides (NO+NO2)observationsat ZOTTO in 2007-2012




Part 111. Regional effects from wildfires in Central Siberia

Surface NO, NO2, NOx and O3 measured at ZOTINO
during 2007.03 — 2008.01

[ initial data

ZOTINO (60.43 lat, 89.4 lon): 12 Mar 07 00:00 - 31 Jan 07 21:00 UTC
3 - hour averages
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Measured NOx (as NO + NO2):
* low background concentrations (<1 ppbv)
* short-term fluctuations from 0.1 to 10 ppbv




Part 111. Regional effects from wildfires in Central Siberia
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Histogram of NOyx concentrations
for 12 Mar 2007 — 31 Jan 2008

® Top quartile of NOx concentrations
experience seasonal variations within
0.6-0.8 ppbv.

®* NOx from top quartile serve as
indicators of polluted air which could
have been transported from distant
emission sources.



Part 111. Regional effects from wildfires in Central Siberia

Yearly mean conditional frequencies (CF) of air with high NOx
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The  climatologically  important  sources of NOXx
are primary associated with industrial areas in the South
Siberia.

Impact of Southern Ural was not revealed probably because of
larger distances to ZOTTO.
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Regional impact of North Eurasia wildfires as seen from
ZOTTO CO and O3 observations



ZOTTO Tall Tower observations

1)

2)

3)
4)

Modeling tools

Trajectory ensemble statistical model for residence
time analyses (Vasiljeva & Moeseyenko, 2007, 2011);

RAMS/CAMX/HYPACT numerical modeling system
for regional meteorology / chemistry simulations
(www.atmet.com, Www.camx.org);

GEOS-chem global chemistry — transport model;
Wildfire emission model (Vasiljeva 2003, 2011, 2012)



ZOTTO Tall Tower observations

ZOTTO CO near-surface obs. (Jan 2007 — Jun 2008)
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Amplitude of seasonal cycle (winter — summer) ~110 ppb well agrees to:

 TROICA observations (Elanskii et al., 2006);

« Mondy station, 1997 - 1999 (Pochanart et al., 2003);
* Ryori, Japan (Kim et al., 2010);

» Oki, Japan (Pochanartetal., 1999)

This manifests for weak spatial gradients of CO (and ozone)
over the continent at seasonal scales.




ZOTTO Tall Tower observations

Kolmogorov-Jurbenko decomposition of original CO data into
synoptic (< 20 days) and seasonal components
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ZOTTO Tall Tower observations

Near-surface CO response to wilfires in West Siberia
during April 2007 and 2008
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ZOTTO Tall Tower observations

CO (pph)
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Model-predicted ZOTTO CO response to wildfire
and anthropogenic regional emissions
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CO, ppb

ZOTTO Tall Tower observations

Model predicted near-surface CO response to wildfires for ZOTTO
and Tixi stations

Zotino Station, CO 2007 HYPACT Simulation Tixi Station, CO 2007 HYPACT Simulation
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Part 111. Regional effects from wildfires in Central Siberia

Atmospheric spring time response to increase in wildfire CO emissions:

(medianmean) (medianmean) (medianmean)
AC()fires =C firestanthrop. COanthrop.

AE = EMIS,pp5-EMIS,,,=5Tg CO (in south Siberia, spring)

Estimates 2007 2008 ACO ACO/AE
ppb ppb ppb ppb/Ty
ZOTTO obs., in plumes* 3.6 39.2 35.6 6.7
ZOTTO obs., seasonal 149.1 164.8 15.7 2.9
HYPACT**, seasonal 2.1 18.2 16.1 3.0

* For airmass age up to 2 days
** Numerical calculations with RAMS/HYPACT modeling system.



Maga lll. BAusiHne aMmuccum oT NoXXapoB Ha KPyNHOMacLWTabHYH U3MEHYMBOCTb
nons npusemHoro CO B ceBepHou EBpasumn.

NMapameTpbl pacyeToB CpeaHECYTOUYHbIX NPU3eMHbIX (39 M) KOHUeHTpauun CO
c nomouwbio moaenen RAMS u HYPACT

Mepuoabl: 1 aHB — 31 ek 2007, 1 auB — 31 aek 2008.

PacuyetHas o6nactb: CeBepHas EBpa3usa, 40-90° c.w., 20-180°B.4.,
cetka120x 120km, 65 x 111 y3noB, 40 ypoBHe No BepTUKanNu
oT 0 no 20 KM (M3 HUX 9 ypOoBHeU HUXe 1 KM) B O, CUCTEMe KOOpAUHAT.

BxopaHble faHHbIEe:

MeTeononsa— aaHHble peaHanu3sa NCAR FNL Ha ceTke 1°x1°3a 00:00
n12:00GMT,

Amuccun CO — paspaboTtaHHasa cucTema yCcBOeHUA AaHHbIX EMIS3.

PacueTbl:
MeTeonons, koadhduumeHTbl TYpOYyneHTHOM and dy3nm —no moagenu RAMS

B pexxunme 12-4acoBoro nporHo3sa ¢ BbIBOAOM pe3yfbTaToB KaXable 3 yaca.
P oToxummnyeckoe Bpems xn3Hu CO — n3 paboTbiHolloway et al. (2000).
CpeaHecyTouYHble npusemMHble (39 M) KoHUeHTpauun CO — no mogenn HYPACT.

BnusiHMe NpUpPOAHbLIX MOXapPOB Ha KPYMHOMACLUTabHY M3MEHUYMBOCTb cocTaBa aTMocdepbl B CeBepHou EBpasun. fuccepraumoHHas paborTa.



Maga lll. BnuaHue aMuccum ot NnoXkapoB Ha KPYNHOMacCLUTabHY0 U3MEHYNBOCTb
nons npusemHoro CO B ceBepHou EBpasumn.

Amuccum (MODIS) n npusemMHble KoHUueHTpaumn (HYPACT)CO

OT NpUpOAHbLIX NoXapoB Ha tore ETP

AerycTt 2007: COp0, A0 80 ppb, COya A0 115 ppb.
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BnusiHne npupoaHbIX NOXapoB Ha KpyNMHOMacCLUTabHY0 M3MEeHYUBOCTbL cocTaBa aTtMocdepbl B CeBepHon EBpa3un. [luccepraumoHHasn paboTa.



Maga lll. BnuaHue aMuccum ot NnoXkapoB Ha KPYNHOMacCLUTabHY0 U3MEHYNBOCTb
nons npusemHoro CO B ceBepHou EBpasumn.

Amuccum (MODIS) n npusemMHble KoHUueHTpaumn (HYPACT)CO
OT NPUPOAHbLIX NOXapoB Ha rore 3anagHou Cnounpm

Anpenb 2007: COp,,, A0 15 ppb COday no 25 ppb. Anpenb 2008: COpon A0 120 ppb, COysy A0 340 ppb.
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BnusiHne npupoaHbIX NOXapoB Ha KpyNMHOMacCLUTabHY0 M3MEeHYUBOCTbL cocTaBa aTtMocdepbl B CeBepHon EBpa3un. [luccepraumoHHasn paboTa.

Mar ¥
Oct b



Maga lll. BnuaHue aMuccum ot NnoXkapoB Ha KPYNHOMacCLUTabHY0 U3MEHYNBOCTb
nons npusemHoro CO B ceBepHou EBpasumn.

Amuccumn (MODIS) n npuseMHble KoHUueHTpaumn (HYPACT)CO
OT NPUPOAHbLIX NOXapoB Ha tore BoctouHon Cubupu

Anpenb 2007: COpo, A0 40 ppb, COyay A0 100 ppb. Anpenb 2008: COpon A0 225 ppb, COy A0 560 ppb.
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BnusiHne npupoaHbIX NOXapoB Ha KpyNMHOMacCLUTabHY0 M3MEeHYUBOCTbL cocTaBa aTtMocdepbl B CeBepHon EBpa3un. [luccepraumoHHasn paboTa.
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Maga lll. BnuaHue aMuccum ot NnoXkapoB Ha KPYNHOMacCLUTabHY0 U3MEHYNBOCTb
nons npusemHoro CO B ceBepHou EBpasumn.

OueHKU KpynHOMacLTabHbIX 3 heKToB OT NoXXapoB Ha hoHe
aHTPONOreHHbIX UCTOYHUKOB

s e
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AHTponoreHHble amuccum CO no aaHHbIM EDGAR-2000.

BnusiHne npupoaHbIX NOXapoB Ha KpyNMHOMacCLUTabHY0 M3MEeHYUBOCTbL cocTaBa aTtMocdepbl B CeBepHon EBpa3un. [luccepraumoHHasn paboTa.



Wildfires in central Siberia

CO source contribution function (SCF) for ZOTTO

Weak fire activity Strong fire activity
JUL-AUG 2007 APR-MAY 2008

.
0.0  10000.0 CO (Gg/cell 00 100  CO(Gg/cell

Top: SCF and total wildfire CO emissions in summer 2007 (left) and spring 2008 (right).
Bottom: SCF for the upper quartile 12-hour CO and fire pixels crossed by backward
trajectories.



Emissions of CO from wildfires in Northern Eurasia: estimates for studies in atmospheric transport and climate modeling

Rationale: Wild land fires as a source of atmospheric emissions

\/ Boreal forests in 45° — 70° N belt constitute 1/3 of the total forest area on
the planet, with carbon storage in vegetation and soil constituting 10 — 17 %
of the planetary budget.

\/ Russian boreal forests contribute 22% to the overall forest area on the
planet;

\/ Boreal forest fires contribute 4 — 12% to the global biomass burnt

annually, with emissions of soot and organic aerosols in individual years
contribute up to 9% and 20% respectively, and of non-organic carbon
(mainly as CO and CO2) — up to 20% of annual global emissions.

\/ Large fires (>200 ga) play important role

\/ Climatic temperature rise — prediction of increase in wildfire intensity —
increase in number of severe pollution events and ecological hazards



